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 In the Distinct Element Method (DEM), Friction is introduced in the tangential direction between the two 
particles. The way of its modeling could greatly influence on the analytical result. Therefore the ordinal calculation 
scheme have to be reconsidered in the tangential direction of the contact surface. In this paper, the numerical 
procedure taking account of the stick-slip phenomenon is introduced to deal with the friction among particles more 
precisely. The analytical result shows that smoothness of force and displacement relation can be improved. 
Furthermore it is confirmed that the random size on particles is relatively more stable than the uniform size. 
 










































(1) Stick 状態 
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成分は次の条件を満たす必要がある。 















Δ =         (3) 
 
(2) Slip 状態 









3.1 モデル作成  
初期配置を作成するために一時的に設置した箱に














3.2 解析内容   
 本解析に用いたパラメータを Table.1、解析条件を
Table.2 と Table.3 に示す。 
 
表 1 物性値 
Table.1 Analytical data 
法線バネ定数 61.0×10nk = [N/cm] 
接線バネ定数 52.5×10sk = [N/cm] 
内部摩擦角 27μφ = [deg] 
静止摩擦係数 0.51[ ]μ = −  
粒子密度 3 32.65×10 [ / ]kg cmρ −=  
減衰定数(落下時) , 1.0[ ]n sh h = −  
減衰定数 , 0.215[ ]n sh h = −  
時間増分 61.0×10t −Δ = [sec] 














        (5) 
表 2 解析条件 1 
Table.2 Analytical condition1 
 粒径[cm] 粒子数[個] 動摩擦係数 
Pattern1 0.2 1000 1μ′  
Pattern2 0.4 1000 1μ′  
Pattern3 0.2~0.4 1000 1μ′  
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表 3 解析条件 2 
Table.3 Analytical condition2 
 粒径[cm] 粒子数[個] 動摩擦係数 
Pattern5 0.2 4000 2μ′  
Pattern6 0.4 4000 2μ′  
Pattern7 0.2~0.4 4000 2μ′  



















図.3 粒径 0.2cm・粒子数 1000 個 
Fig.3 Particle size 0.2[cm] and Particle number 1000 
 
 
図.4 粒径 0.4cm・粒子数 1000 個 




図.5 粒径 0.2~0.4cm・粒子数 1000 個 
Fig.5 Particle size 0.2~0.4[cm] and  
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図.6 粒径 0.2~0.8cm・粒子数 1000 個 
Fig.6 Particle size 0.2~0.8[cm] and 




図.7 粒径 0.2cm・粒子数 4000 個 




図.8 粒径 0.4cm・粒子数 4000 個 





図.9 粒径 0.2~0.4cm・粒子数 4000 個 
Fig.9 Particle size 0.2~0.4[cm] and  
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図.10 粒径 0.2~0.8cm・粒子数 4000 個 
Fig.10 Particle size 0.2~0.8[cm] and 
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